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e Partl:

Microscopic models for individual 2-level fluctuators
Inside Josephson junctions (flux qubits ala Martlnls)

— Josephson-type (couples to cos ¢) @ —
— Dipolar (couples to electric field, dg/dt)

Excitation Frequency o/2r [GHzZ]

e Partll:

Statistical influence of many weak charge fluctuators on

Cooper pair boxes (charge qubits ala Nakamura):
— Nearly coherent 2-level fluctuators, examples
— Connection between low and high frequency noises
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> Los Alamos TLS Spectroscopy
Simmonds et al, PRL 2004
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> Los Alamos Models- coupling to
pseudospin S

JJ
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Electric Dipolar

Channel blocking
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H;y=—-E;(1+j-S)cos2m¢/Pg

Both could explain expt.
How to distinguish?
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Why hard to distinguish?
I phase
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> Los Alamos Testing the mechanism
(running phase regime)

1 -4

‘cos¢ Josephson
q dipolar (same as ;153‘

H.=-Q,S —(«,S, +a,S,) x+

If V/R> 1. and wy = 2eV/h = Qg S.(®) — voltage power spectr.

COS ¢ — COSw jt /\

q — COSw jt

—Rabi oscillations

(see also V. Kozub JETP 84) O o o ®
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Hamiltonian
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Hgr(—¢) + H;(¢ + V1) — 205

2C

= 2
G (P — &)
,Hamiltonian* of resistor HR(gb) — E | ( J | J )

2T

Hj(¢) =—E;(1+]-8S)cos ( S
0

) Modified Josephson term

For simplicity j = (jz, jy,J2) = (4,0,0)
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=
= exp [2mi (¢ + V1) S, /P]]

H =UHU ! +0U1
2
H' = g—c + Hr(—¢) — Ejcos (w t + 2w¢/Pg)
2eqS>

+(20 —wy)Sz: — QRS —

QR = jelc/(4e)
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I, = I.sin (w,t + 27/ dg) — %C o

Sy(w) : \

voltage power spectr. /\
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+ Los Alamos Results

Qr = jzlc/(4e)

1 Sy(w) — voltage power spectr.
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Rabi Frequency
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T ~ 10 mK, or kgT /I = 27 x 200 MHz
I. = 10 uA

C ~1pF.

R ~ 010 < Ry | Ry ~ 30 Q.
IR\ (0.5GHZ) < ;< I Ry (150 GHz)
jL =~ 65-107° j < 1073
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Predictions
Josephson Dipolar 1 Su(o)
E;(j- S) cos2md QEL 1s, /«\

Si N?
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Jow 225

w wpea.k

"I'

}12

o~ 'i.effRIc o~ 10—2 ]'.'l‘ik"r
4,/2Y (Qr)




yal

> Los Alamos . .. .
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e Two possible mechanisms: Josephson and dipolar (5)

 Measure JJ in the running phase regime at voltage
corresponding to TLS splitting:

— Find peak in voltage power spectrum at the Rabi frequency
(corresponding to the qubit-TLS coupling)

— Measure the signal to noise at Rabi frequency as a function of
parameters (e.g. R, C).

— Two mechanisms, while indistinguishable in the quantum (qubit)
regime, in the running phase have different SNR dependence on
parameters (see Martin, Bulaevskii, Shnirman, Phys. Rev. Lett. 95, 127002
(2005))



Part |l

Statistical influence of many weak charge fluctuators on
Cooper pair boxes (charge gubits ala Nakamura)

— Nearly coherent 2-level fluctuators, examples
— Connection between low and high frequency charge noises
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Experimental data of Astafiev et al. (NEC)

— o, > o Source of noise:
2 S et Charge fluctuations
=3 ' % o 8
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, s Astafiev et al. (PRL 04)
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Low frequency 1/f noise 3 (k T )2
crosses f quantum noise at S(w) = & +aho
no, ~ kgT hw

same strength a for low- and high-frequency noise



Our Model

1 1 1
« Fluctuations X(t) probed by qubit H = ——AE, o, —EAEJ O, _E X o,

N

» Source of X(t) is an ensemble of two-level systems (TLS)

1
Hti s = Z [—5 (éjaz,j + Aj%,j) + Hdiss,j]
J

« each TLS is coupled (weakly) to dissipative environment HdiSS_j

— weak relaxation and decoherence H —>T ;. T, = E; B= 7 + AF)1/2

_—

Vj 02,702 qubit

\

X = ZUjJZ,j

diss, j

1,572,

OO 0@



Noise of asingle TLS

In eigenbasis
1 1
Hris =) [—5 (5j0'z,j + Aj%,j) + Hdiss,j] => [—5 Ejip, ;1 Haiss,j
J J
Oz = COSQJ' Pzj — Sin Qj Px.j EJ = [E? -+ AJZ]l/Q , tan 9]' = AJ/EJ

Correlation function Cj;(w) = /dt{(az,j(t)az,j(O» — (02,502} e

201 5
. -~ 20 [1 _ 22 1,7 _
Cjw) = cos?d; [1 (P25 } r2 .+ random telegraph noise
T2 r3;+ (w— E;)? absorption (ps) = tanh(E,/2kgT)
+ sin20. (1 —(p2,5) 2l2, o
T2 rgj + (w+ E;)? emission
r Ej > kT’ - _ Ej ~ kKT | _ Ej <L kgT




Spectrum of noise felt by qubit X =) vjo,;
) :
Sx (@) = S[0x (@) + Cx (~w)] !

Cx(w) = / dt {(X(£)X(0)) — (X)?} e = 3" 02C;(w)
J

depends on distribution P(e, A,v) of TLS-parameters

. _ | -
High frequencies:  Sx(w) = Z v?sin? 0 J

Fiw > kgT > T / Eal
5 2 %N/dedAd'vP(e,Agv)fv2Sin29-ﬂé(w—E) X W

Low frequencies:
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1/f noise as sum of many telegraph noises
(Dutta-Horn model)
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P(G, A,’U) o PfU(’U) W or mear.oo dependence | |
«— exponential dependence on barrier height

<wv? > overall factor

explains observed spectrum Sy (w)
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ZAndreev fluctuators® (Faoro et al. cond-mat 2004) might have
this distribution of parameters



Microscopic models

\\@/N Faoro, Bergli, Altshuler, Galperin (2004)
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FIG. 1: The three models

Models 2 and 3

€= €1 T €
e1 >0, eo>0 — P(G)OCG
P(e1) = P(en) = const.



Microscopic models

Guafte

L) L]
® Trapped charges

r

Localized states

Paladino, Faoro, Falci, Fazio (2002) + ....
Galperin, Altshuler, Shantsev (2003)

Faoro, Bergli, Altshuler, Galperin (2004)
Grishin, Yurkevich, Lerner (2004)

de Sousa, Whaley, Wilhelm, von Delft (2005)



Conclusions, Part Il

* Qubit used as spectrum analyzer of noise of environment

Astafiev et al. (NEC), Martinis et al. (NIST), Vion et al. (Saclay),
Schoelkopf et al. (Yale), Kouwenhoven et al. (Delft),....

» High- and low-frequency noise derive from the same ensemble of ‘coherent’ TLS
 Plausible distribution of parameters produces:

- Ohmic (f) high-frequency noise responsible for relaxation

- Low-frequency (1/f) noise scaling as T2 responsible for decoherence

- both governed by same parameters

a (kT )2

hw

+ ahw

S(w) =~
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 Two possible mechanisms: Josephson and dipolar (¢)

|. Martin, L. Bulaevskii, and A. Shnirman, “Tunneling Spectroscopy of Two-level Systems
Inside Josephson Junction,” Phys. Rev. Lett. 95, 127002 (2005)

« Connection between high- and low-frequency noises

from an ensemble of almost coherent 2-level fluctuators

Alexander Shnirman, Gerd Schon, Ivar Martin, Yuriy Makhlin ““Low- and high-frequency
noise from coherent two-level systems,” Phys. Rev. Lett. 94, 127002 (2005)
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